The objectives of the study were to examine the prevalence of anorexia nervosa (AN), bulimia nervosa (BN), anorexia athletica (AA), and eating disorders not otherwise specified (ED-NOS) in both male and female Norwegian elite athletes and a representative sample from the general Norwegian population.
I n general, studies have suggested a higher frequency of eating problems in athletes than in nonathletes, particularly in athletes competing in sports that emphasize leanness or a low body weight. [1] [2] [3] [4] [5] [6] However, some studies suggest a similar or lower risk for eating disorders (EDs) compared with controls for female athletes in aesthetic sports 7 and running 8, 9 and female athletes of lower competitive level. 10 Of the few studies that include male athletes, some indicate an increased risk for EDs in male athletes competing in weight class sports such as wrestling and rowing, [11] [12] [13] and others indicate a lower risk for EDs in male figure skaters 14 and swimmers. 15 Athletes constitute a unique population, and the impact of factors such as training, eating pattern, extreme diets, restriction of food intake, and psychopathological profile must be evaluated differently from this impact in nonathletes. [16] [17] [18] Therefore, the concept of anorexia athletica (AA) 16 has been introduced. AA allows identification of athletes with symptoms of EDs who do not meet all diagnostic criteria for anorexia nervosa (AN) or bulimia nervosa (BN). 16 The athlete with AA demonstrates an intense fear of gaining weight or becoming fat, even though he/she is underweight (at least 5% less than expected normal weight for age and height for the general population). This low body weight is attained by a reduction in energy intake, excessive exercising (more than is required to improve performance), or both. Frequently, the athlete with AA will also report bingeing, self-induced vomiting, and using laxatives or diuretics. 16 The athletes with subclinical EDs, such as eating disorders not otherwise specified (ED-NOS) or AA, may show evidence of some of the common psychologic traits associated with the clinical EDs, such as high achievement orientation, obsessive-compulsive tendencies, and perfectionism. However, these traits are generally expected and usually essential for competing successfully. 19 Few studies on athletes and EDs have gone beyond the administration of ED questionnaires. These questionnaires have limitations, and it has been argued that clinical interviews are needed to obtain accurate prevalence data. [20] [21] [22] [23] [24] Furthermore, the prevalence of EDs among the total population of male and female elite athletes has never been investigated. Therefore, the objectives of this study were to examine the prevalence of AN, BN, AA, and ED-NOS in both male and female Norwegian elite athletes and compare the results with those of an age-matched sample from the general Norwegian population.
MATERIALS AND METHODS

Data Collection
This 2-stage study was composed of an initial screening by a detailed questionnaire also including subscales of the Eating Disorder Inventory (EDI) 1 to identify athletes and controls at risk for EDs, followed by a detailed standardized clinical interview of all at-risk individuals and a representative sample of athletes and controls not classified as at risk in the second part of the study. The goal of the clinical interview was to determine the number of at-risk athletes and controls who met the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria 25 for AN, BN, ED-NOS, and AA. 16 The interview was performed by a specialist in eating disorders, following the format of the Eating Disorder Examination (EDE). 26 In addition to the EDE, sport-specific questions as well as questions on possible contributing factors to the development of the EDs were included in the interview. AN and BN were classified as clinical EDs and AA and ED-NOS as subclinical EDs.
Participants
Athletes
The total population of elite athletes representing the Norwegian national teams organized by the Norwegian Confederation of Sports in 1997 (1620 athletes: 660 females and 960 males) received the initial screening questionnaire. The athletes were sent a questionnaire by post to their private address. An elite athlete was defined as one who had placed among the 10 best in international competition, was competing at national teams, and/or was member of a recruiting squad for those teams. In addition, to be included in the study, the athlete had to be between 15 and 39 years old, train at least 8 hours per week, and fill out the questionnaire completely. Exclusion criteria were intention to stop training or competing within the next 6 months, participation in more than 1 sport group, nonhealthy athletes receiving medical treatment, and, for females, ongoing or planned pregnancy within the next 6 months. After applying the exclusion criteria, the response rate of the total sample was 93% for female athletes and 76% for male athletes ( Table 1 ). The athletes represented 68 sports/events, which were divided into the following 8 sport groups: technical, endurance, aesthetic, weight class, ball game, power, antigravitation, and motor sports. The criteria for categorizing sports have been published elsewhere. 3
Controls
A random sample of the general population (780 females and 916 males) was matched to the athletes' age and was obtained through the Norwegian Population Register. All con-trols received the same questionnaire as the athletes, also by post to their private address. The total response rate for the controls was 78% for females and 72% for males ( Table 1) .
Based on the results of the questionnaire, 121 female and 61 male elite athletes (n = 182, 14.5%) and 81 female and 22 male controls (n = 103, 8.6%) were classified as at risk for EDs ( Table 2) . Criteria for at-risk classification were presentation of high score on subtests of the EDI, 1 positive response to 2 or more questions asking for symptoms of EDs (DSM-IV), and/or self-reported EDs. 16 The EDI cut-off scores for females were identical to those used in a previous study 16 and were somewhat lower for males (Drive for Thinness and Body Dissatisfaction Ն 10). A total of 120 (99%) and 76 (94%) of the at-risk female athletes and controls, respectively, completed the clinical interview. Fifty-eight (95%) and 19 (86%) of the at-risk male athletes and controls, respectively, completed the clinical interview.
To match the at-risk athletes, a group of athletes from the initial pool who did not meet the at-risk criteria (n = 121 females and 61 males) were chosen at random and asked to complete the clinical interview. A total of 120 females (99%) and 59 males (97%) participated in the interview. This group of non-ED athletes is referred to as female and male athletic non-ED controls. To match at-risk controls, a group of controls from the initial pool who did not meet the at-risk criteria (n = 81 females and 22 males) were chosen at random and asked to complete the clinical interview. Seventy-five females (93%) and 18 males (82%) participated in the interview. This group of healthy controls is referred to as female and male non-ED controls. 
Ethical Considerations
All subjects participating in the study had to complete a consent form. Written parental consent was required for those under 18 years of age. Permission to undertake the study was provided by the Norwegian Olympic Committee, the Norwegian Confederation of Sports, the Data Supervising Bureau, and the Regional Committee for Medical Research Ethics in Oslo. No attempt was made to follow-up on nonresponders or monitor the athletes' energy and nutrient intake during the study.
Analysis
All analyses were performed using the SPSS software for Windows, version 10.0 (SPSS, Evanston, IL). 2 Tests for contingency tables were used to test for association between categorical variables. A global test for differences between sport groups was done by 2 statistics. Due to small numbers of diagnosed eating disorders, 4 male sport groups (technical, aesthetic, motor, and power sports) and 2 female sport groups (power and antigravitation sports) were not included in the test. For the remaining male (endurance, weight class, ball game, and antigravitation) and female (technical, endurance, aesthetic, weight class, and ball game) sport groups, a 2 test with 3 and 4 degrees of freedom, respectively, was performed. Further tests of pairwise comparisons were only done if the global test was significant. We Bonferroni corrected P values in the pairwise comparisons: 6 tests for male athletes and 10 tests for female athletes. Thus, only P values Յ 0.008 for male athletes and P Յ 0.005 for female athletes are reported.
RESULTS
Characteristics of Subjects
Thirty-four percent of the athletes reported placing among the 10 best in the Olympics, World Cup, or World Championships. About 39% were competing at international level, and the remaining 27% were at national teams and/or recruits. The athletes were younger than the controls (P < 0.001; Table 3 ). Female athletes had lower body mass index (BMI) than the female controls (P < 0.001). Male athletes trained significantly (P < 0.001) more than female athletes, and male controls trained significantly (P < 0.001) more than female controls.
Prevalence of At-Risk for EDs
Of the athletes initially classified as at risk, 5 (4%) females and 4 (7%) males were reclassified after the clinical in- terview and included in the study as non-ED athletes (falsepositive). None of the athletes classified as athletic non-ED controls in the initial screening were reclassified as having EDs after the interview (false-negative). Of the controls initially classified as at risk, 23 of 81 (28%) females and 16 of 22 (73%) males were reclassified after the clinical interview and included in the study as non-ED controls (false-positive).
None of the controls classified as non-ED controls in the screening part were reclassified as having EDs after the interview (false-negative; Table 2 ). The diagnostic criteria for subclinical and clinical EDs were met by more athletes (13.5%) than controls (4.6%; P < 0.001) and by more female (20%) than male athletes (8%; P < 0.001). Corresponding values for controls were lower in both gender, with 9% for females and 0.5% for males (P < 0.001; Table 3 ).
A higher percentage of both athletes (8.4%; P < 0.001) and controls (2.9%; P < 0.05) met the criteria for subclinical EDs (AA or ED-NOS) compared with the percentage meeting the DSM-IV criteria for clinical EDs (AN or BN; 5.1% and 1.7% for athletes and controls, respectively; Tables 4 and 5 ).
The prevalence of EDs among males and females in different sport groups is presented in Tables 4 and 5 for male and female athletes, respectively. The prevalence of both subclinical and clinical EDs was higher in female athletes than in female controls (P < 0.001; Table 5 ). Overall, P < 0.001 between the 4 male sport groups and P < 0.001 between the 5 female sport groups were found. Thus, further analyses were done. For male athletes, P < 0.001 between weight class and ball game and P = 0.002 between ball game and antigravitation sports. For female athletes, P = 0.002 between technical and aesthetic and P < 0.001 between aesthetic and ball game sports.
DISCUSSION
This study is the first to publish prevalence data of EDs for the total population of male and female elite athletes in almost all European sports and a sample of Norwegian controls representing the general population. The main findings are as follows: the prevalence of EDs is higher among elite athletes than controls, higher in female athletes than in male athletes, and higher among athletes competing in sports focusing on leanness and weight compared with athletes competing in other sports and controls.
Higher Prevalence of Eating Disorders in Athletes
As expected, a significantly higher frequency of both male and female athletes met the criteria for EDs compared with male and female controls, respectively. However, it was not expected that a similar frequency of Norwegian male athletes and female controls met the criteria for EDs, since EDs have been considered a female disease. Byrne and McLean 5 recently published the first attempt to examine the prevalence of EDs in a large sample of both male and female elite athletes compared with a matched control group of nonathletes. Results from their study also suggested a higher prevalence of EDs in athletes than in nonathletes.
Since earlier investigators have used different definitions of EDs, investigated only 1 sport, used small samples, and/or included athletes with different performance levels, it is difficult to compare the results from the present study with results from earlier studies. Using almost identical methods as in the present study, the prevalence of female elite athletes meeting the criteria for EDs in one Norwegian study from 1990 16 was similar (20%) to that in present study (20%).
The higher prevalence of EDs in male athletes than male controls in the present study supports some earlier data. 27 In male athletes, the prevalence of EDs was 4% in an Australian study, compared with 8% in this Norwegian study. However, athletes representing high-risk sports such as ski jumping and weight class sports (except for lightweight rowers) were not included in the Australian study. 5 On the other hand, the prevalence reported in our study is lower than the prevalence of predicted EDs in upper division male athletes (35%) from the United States reported by Johnson et al. 13 However, other criteria were used to define athletes at risk for EDs, and no clinical interview was performed.
A greater percentage of female elite athletes in the Australian study (27%) than female elite athletes in this study (20%) met the criteria for EDs. It is difficult to compare the results since the Australian study examined fewer athletes and slightly different sports than the Norwegian study. However, both studies conclude that the prevalence of EDs is higher among elite athletes than controls and that the prevalence is higher for those competing in sports in which weight or leanness is important than for those competing in other sports in which these factors are less important. Furthermore, our results are in accordance with other studies involving nonclinical populations of both adolescent girls and adult women, suggesting a higher prevalence of subclinical EDs than clinical EDs. 28 In this study, the response rate was higher among the oldest part of the random sample from the general Norwegian population, probably due to an increased interest in the issue in the older men and women. Therefore, the control group was younger than the athletes. We could speculate whether the age difference was a confounding variable. However, when dividing athletes and controls into 3 different age groups for the purpose of another study, no significant difference in prevalence of EDs was found between age groups for athletes or controls.
Controls
The prevalence found among the female controls in this study (9%) is in accordance with results from a general population-based epidemiological questionnaire study of EDs in Norway. 29 Results from this study show that the prevalence of EDs among young women has increased during the last 10 years. 16 This could be due in part to an increase in focus on leanness and the fact that the percentage of Norwegians with high BMI values is increasing. This may also lead to a higher number of nonathletes with high BD and DT scores (at-risk criteria). Thus, the fact that a much higher percentage of both male and female controls was classified as at risk for EDs by the questionnaire than the percentage who met the diagnostic criteria for EDs could be due to these factors. Furthermore, the following sentence was written in the information letter that accompanied the questionnaire: "If you have problems related to weight and eating disorders, you will be asked to participate in a clinical interview and receive free advice related to your eating behavior, exercise habits and possible weight and eating disorders." This statement could have led some to report a weight and eating problem without being clinically ill. The fact that a high percentage of both male and female controls was false-positive could be explained in part by previous findings showing that nonathletes may have a high score on the EDI subtests or report eating problem, but do not actually diet or use extreme methods to reduce or control weight. 23 In contrast, athletes are used to eliminating factors that may have a negative effect on performance and therefore diet and use extreme weight control methods to reduce the degree of body dissatisfaction, reduce weight, or change body composition.
Prevalence of Eating Disorders in Different Sport Groups
A recent study by Byrne and McLean 5 revealed that both male and female athletes competing in sports that emphasize a lean body shape or a low body weight showed a significantly higher prevalence of eating disorder symptoms and clinically diagnosed EDs than other athletes and nonathletes.
The finding that none of the Norwegian male athletes competing in aesthetic sports met the criteria for EDs was surprising and may indicate that male athletes in the aesthetic sports use healthier methods to keep their weight down when needed. This may be due to the fact that this group of aesthetic male athletes contained mainly gymnasts. Male gymnasts are older than the female aesthetic group, and due to age, they have more years in the sport and experience the need for strength and a well-nourished body to perform at an optimal level. The results are, however, in contrast to the findings by Hausenblas and Carron, 2 who reported that male athletes competing in aesthetic sports reported more binge eating and showed more ED symptoms than controls and other athletes, indicating a higher prevalence of athletes at risk for EDs in aesthetic sports. However, this was only a questionnaire study, and no clinical evaluation was performed. The high frequency of female athletes representing the aesthetic sports who met the criteria for EDs is in accordance with other studies. 5, 6 In sports like gymnastics, dancing, figure skating, aerobics, and diving, female athletes often experience the pressure to reduce weight to perform well. Such pressure can increase the risk of developing EDs.
When it comes to the weight class sports, the high prevalence of EDs among both male and female athletes most likely reflects the fact that many athletes want to have a low body fat mass and a high body muscle mass and compete in a weight class below their ordinary weight. In this sport group, the prevalence of male and female athletes meeting the ED criteria was not significantly different. A high percentage of weight class sport athletes start using extreme weight loss methods early in their career, 23 putting these athletes at risk for developing EDs. It has been suggested that severe energy and water restrictions, combined with vigorous exercise, can lead to disturbed eating behavior, depression, and clinical EDs. 30 On the other hand, Dale and Landers 32 have argued that male college wrestlers develop only transient eating problems. In the present study, however, a significant number of male athletes representing weight class sports met the diagnostic criteria for EDs. The prevalence of EDs among female athletes competing in weight class sports has not been investigated previously; however, it was expected that a high number of female athletes in our study who had been competing in weight class sports for years could be suffering from subclinical or clinical EDs, since frequent weight fluctuation and use of extreme weight control techniques increase the risk of developing EDs. 30 Due to the weight requirements, a higher prevalence of EDs among male and female athletes in weight class sports than in ball game sports was expected. Ball game sports such as team handball, soccer, and volleyball have not been considered high-risk sports for EDs 23 ; however, the prevalence of EDs in female athletes competing in ball sports increased from 11% in 1990 to 16% in 1997. This increase may indicate an increased focus on body composition measurements, associated with obvious risk for misinterpretation and development of EDs. Furthermore, the focus on outward appearance for both tennis and volleyball players could also increase the experienced pressure to diet, also by some of the ball game athletes.
Results from the present study revealed a high prevalence of EDs in endurance sports for both males and females. This is probably due to the fact that extra body weight can limit performance. 9 A pilot study investigating the effect of preventative intervention in cross-country skiing and biathlon indicated a significant reduction in the prevalence of EDs. 16 The study found that preventative intervention is effective among elite athletes when given the possibility to intervene on all levels of the elite athlete's life.
Clinical Considerations
From our experience with elite athletes suffering from subclinical and clinical EDs, we see disordered eating as a continuum model ranging from abnormal eating behavior such as AA and ED-NOS to clinical eating disorders such as AN and BN. AN and BN should be considered mental disorders.
Most athletes with disordered eating behavior are in need of help from a health care provider to normalize eating behaviors and to redefine their goals related to their performance, school work, and personal life. Some athletes in an energy deficit, however, may not have a psychologic component to explain their negative energy balance or disturbed eating behavior, and may only need education to increase their energy intake and/or reduce their energy expenditure. The consequences of disordered eating or clinical EDs upon health and performance depend on the duration of the disordered eating behavior, the degree of undernutrition, the use of extreme weight control methods such as vomiting, and the physical demands of the sport that he or she is competing in.
Methodological Considerations
Self-report measures may not garner accurate information. 32 In EDs, questionnaires that measure eating-disordered pathology render false-positive and false-negative diagnoses due to easily ascertained face validity. 33 Studies comparing the interview-based EDE 33 with the self-report Eating Disorder Questionnaires support the need for interview methodology. 33 Therefore, underreporting of EDs was expected among athletes fearing to be discovered and having their athletic career jeopardized, 23 as well as in sports like gymnastics and long-distance running, where an anorexic look is considered normal. However, the risk was minimized by informing the athletes that help would be offered to all athletes with EDs. Moreover, although EDs are still associated with shame and guilt, an increased awareness of EDs has developed in sports and society over the last decade. This process has made it easier to face the problem of EDs and ask for help. Furthermore, athletes suffering from EDs may sometimes experience decreased performance level and thus have an incentive to ask for help. Overreporting, on the other hand, could be expected in athletes who wanted the diagnosis of EDs as a legitimate excuse to quit their sport. Another important question is whether there is more underreporting among the athletes than among the controls. A previous study showed that underreporting was more common in elite athletes than controls. 16 Like the athletes, the controls were also told that free professional guidance/counseling would be offered for those who reported problems or questions related to weight control, nutrition, exercise, or EDs. None of the non-ED controls who participated in the clinical interview met the diagnostic criteria for EDs.
Four percent and 7% of female and male athletes, respectively, were incorrectly classified by the screening questionnaire, despite the use of the criteria for subclinical EDs (ED-NOS and AA) to minimize the number of erroneously classified subjects. The number of erroneously classified controls was much higher than in athletes, demonstrating the need for both target group-specific at-risk criteria and the use of a clinical interview when investigating the prevalence of EDs. Athletes with subclinical EDs are prone to develop AN or BN 16, 18 ; thus, by identifying athletes with AA and ED-NOS, severe AN and BN may possibly be prevented.
Most ED questionnaires used in athletes assess only physical behaviors and ignore the psychologic problems. Since AN, BN, and ED-NOS are included in the DSM-IV, 25 it is obvious that EDs are mental disorders and must be examined and followed up accordingly. Thus, it is not enough to document extreme or unhealthy weight loss behaviors. 34 The fact that a higher percentage of athletes was classified as at risk for EDs compared with the number of athletes meeting the diagnostic criteria for EDs may be due to binge eating. Data from a study determining energy intake 35 revealed that the amount of food/energy intake defined as bingeing should usually not be considered as anything but necessary energy intake to maintain energy balance for athletes. Therefore, binge eating per se should not be a criterion for selection as at risk for EDs in athletes.
CONCLUSIONS
The prevalence of EDs is higher in athletes than in controls, higher in female athletes than in male athletes, and more common among those competing in leanness-dependent and weight-dependent sports than in other sports. Because there is a high prevalence of eating disorders in elite athletes that may have serious lifelong consequences, we recommend that all elite athletes, particularly those competing in leanness sports, receive screening for eating disorders. Also, education about health and performance-related nutrition and body composition is needed.
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